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[57] ABSTRACT

A device, particularly for use with guided missiles, of a
type having an intake pipe which is not fully rotation-
ally symmetrical and i1s particularly semi-rotationally
symmetrical, having particularly a semi-rotationally
symmetrical air intake cross-section. The device pre-
vents hum in the supersonic intakes of air-breathing
reaction engines, particularly, ram jet engines, of a type
which are operated with solid fuels and without regula-
tion of the amount of air intake, the amount of fuel or
the amount of thrust current flow for driving guided
missiles. The construction includes a missiie body hav-
ing an intake pipe mounted thereon with a front opening
disposed in an opening plane defining an inlet. A dis-
placement body is mounted within the pipe in spaced
relationship thereto and has a front pointed end which
extends outwardly beyond the intake plane and which
projects into the incoming air flow. At least one air
outlet port 1s provided in the displacement pipe ahead of
the inlet plane which is advantageously arranged to
deflect the incoming air in a direction toward the
boundary layer flow of a boundary layer plow which
extends between the displacement body and the missile

body.

4 Claims, 2 Drawing Figures
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DEVICE FOR PREVENTING BUZZ IN
SUPERSONIC INTAKES OF AIR-BREATHING
REACTION ENGINES, PARTICULARLY, RAM JET
ENGINES

FIELD AND BACKGROUND OF THE
INVENTION

This invention relates to internal combustion engines
in general and, in particular, to a new and useful device
for preventing buzz in supersonic intakes for air-breath-
ing reaction engines, particularly, ram jet engines, oper-
ated with solid fuels without regulation of the amount
of intake air, fuel, and thrust current, for driving guided
missiles, having a not fully rotationally symmetrical,
and particularly a semi-rotationally symmetrical air
intake cross-section.

DESCRIPTION OF THE PRIOR ART

In airplanes and missiles flying at high Mach num-
bers, the supersonic diffusor transforms the high kinetic
energy of the incoming air into pressure energy, while
reducing its speed. In ram jet engines, this function is
taken over by the supersonic diffusor alone and the air
thus compressed then serves as combustion air in the
combustion chamber.

The characteristic shock wave appearing on bodies in
contact with supersonic currents are used in supersonic
intakes for transforming kinetic energy into pressure
energy. In supersonic intakes for airplane engines, sev-
eral inclined shock waves appear successively, as well
as a final shock wave perpendicular to the channel con-
tours, behind which the supersonic flow prevails,
whose velocity is further reduced in the following sub-
sonic diffusor with a simultaneous pressure increase. As
attractive as the transformation of pressure in a mini-
mum of space by shock waves and the use of the phe-
nomenon in supersonic flow may appear, it is still diffi-
cult today to stabilize the final shock waves in certain
operating ranges of the supersonic diffusor in order to
maintain the desired engine performance.

In supersonic diffusors, we distinguish between two
operating states, namely, the ‘“supercritical”’ operating
state, where the final vertical shock wave is inside the
diffusor, and the *“‘subcritical” operating state, where
the final shock wave moves ahead of the edge of the
intake channel. The optimum operating point, namely,
the maximum of the product of pressure by air through-
put, where the former quantity is plotted in the operat-
ing diagram on the ordinate and the latter quantity on
the absscissa, is exactly at the point of transition be-
tween the “sub-critical” and the “supercritical” operat-
Ing state.

A particular disturbance of the oncoming air in super-
sonic diffusors is a phenomenon which is referred to n
the industry as “buzz”. This disturbance appears in the
“subcritical” operating state. The vertical shock wave,
which has already moved in front of the edge of the
intake channel, has no stable position and moves back
and forth unsteadily on the displacement body. This
leads to great pressure fluctuations in the flow, and thus
to a considerable drop of the mean pressure and of the
air through it, (extinction of the combustion chamber in
jet engines operating with hiquid fuel, knocking out the
flames in ram jet engines operating with solid fuel), and
also the mechanical destruction of the air intake and

10

15

2

miscible structure. For this reason, it is necessary to
avoild the harmful “buzz” under any circumstances.

With conventional supersonic air intakes, this is
achieved by arranging the layout point not in the opti-
mum operating point mentioned above, but more into
the supercritical range. This, as well as additional mea-
sures and means, such as, a variable geometry of the
diffusor and control of the fuel dosage for the combus-
tion chamber of the following engine and adjustment of
the discharge nozzle, have the effect that, in a deviation
from the layout point, for example, due to special flight
maneuvers, the subcritical operating state, which 15 a
prerequisite for the following “buzz” (vertical shock

wave jumping back and forth on the displacement
body), never appears. The above-mentioned measures

and means, however, by deviating from the optimum
operating point, create a power loss and represents

~ additional costly expenditures, as well as an increase of
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the overall weight.

SUMMARY OF THE INVENTION

The present invention positively avoids the harmful
“buzz” in supersonic diffusors by the use of a relatively
SImple device. According to the invention, means defin-
mg air passages including air outlet ports are prowded
in the displacement body ahead of the air intake pipe in
respect to the direction of flow. In one embodiment of
the invention, several air outlet ports are disposed at the
air gap which is provided in a supersonic air intake
between the inside of the air intake or of the displace-
ment body and the outer contour of the missiie adjoin-
ing it, and is bridged by a boundary layer plow. The air
outlet ports are arranged in series in the displacement
body in the direction of flow, and they extend in cir-
cumferential directions and open toward the boundary
layer gap. The boundary layer plow is designed so that
the pressure in the boundary layer gap is smaller than
that on the surface of the displacement body and is at
least smaller than the pressure behind the issuing verti-
cal wave.

In a further development, these air outlet ports have
a dovetailed cross-section according to the invention to
ensure the uniformity of the outflow radially from the
outside to the 1nside.

Another preferred embodiment of the invention com-
prises one or several air outlet channels or passages
arranged in series in the displacement body, which
extend in a circumferential direction and which are
closed to the outside with a cover, or a so-called perfo-
rated plate, having a number of rows of inlet holes, and
which open adjacent to the boundary layer gap. In
many tests, this suggested measure has proven to be an
effective means of preventing “buzz”. Furthermore, the
device, according to the invention, is simple in design,
inexpensive to manufacture and saves additional
weight.

Accordingly, an ob_]ect of the invention is to provide
an improved device in combination with a reaction
engine mounted on a missile body for driving the mis-
sile, particularly for guided missiles of a type having a
supersonic intake with an air intake pipe which 1s not
fully rotationally symmetrical and having particularly a -
semirotationally symmetrical air intake cross-section
and for preventing buzz in supersonic imtakes of air-
breathing reaction engines, particularly, for ram jet
engines, which are operated with solid fuel without
regulation of the amount of intake air, the amount of
fuel and of the thrust current for driving guided mis-
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siles, which comprises, a missile body, an air intake pipe
secured to said missile body, a displacement body
mounted within the air intake pipe and having a front
end extending ahead of the intake opening plane, and
the displacement body including air passage means with
at least one air outlet port defined in the displacement
body provided ahead of the inlet plane.

A further object of the invention is to provide a de-
vice for preventing buzz in supersonic intakes of air-
breathing reaction engines, particularly, ram jet en-
gines, which is simple in design, rugged in construction
and economical to manufacture.

The various features of novelty which characterize

the invention are pointed out with particularity in the:

claims annexed to and forming a part of this disclosure.
For a better understanding of the invention, its operat-
ing advantages and specific objects attained by its uses,
reference is made to. the accompanying drawings and
descriptive matter in which preferred embodiments of

the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

In the Drawings:

FIG. 1 is a partial elevational and partial sectional
view of a missile having a supersonic air intake con-
structed in accordance with the present invention; and

FIG. 2 is a view similar to FIG. 1 of another embodi-

ment of the mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
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- toward the boundary layer current designated L"”. The
same phenomenon takes place, according to FIG. 2,
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Referring to the drawing in particular, the invention

embodied therein in FIG. 1, comprises, a missile or
missile body, generally designated 1, having an air in-
take which includes an air intake pipe 3 mounted on the
missile body 1 and having a displacement body 2 therein
which projects outwardly beyond the intake opening
plane E which 1s at a front edge 3a of the intake pipe 3.
A boundary layer plow 4 is disposed between the dis-
placement body and the missile body 1.

The semi-rotational supersonic air intakes arranged
on the missile 1 comprise the displacement body 2, the
air intake pipe 3 and the boundary layer plow 4 which
bridges a free air gap 5 between a pointing plane surface

335

6 of the supersonic intake and the adjacent surface 1g of 45

missile 1. In this way, the boundary layer current,
which is harmful for the air intake, because it is heated
and 1s less energy-rich, is bypassed. The boundary layer
plow 4 is designed so that the boundary flow has a
lower pressure than the flow on the surface of displace-
ment body 2.

The air flow arriving at supersonic speed is desig-
nated by L. It is delayed in a known manner in the
supersonic diffusor, and its kinetic energy is trans-
formed into pressure energy in several, in this case, for
example, three, successive inclined shock waves a, b
and ¢, and finally in a vertical shock wave d. Behind the
last or final shock wave d, the atr speed is subsonic. In
the laid-out operating range of the engine or of the
supersonic intake, the shock waves a, b ¢ and d assume
the represented directions in a stable manner.

When the missile drops in its speed, e.g., by special
flight maneuvers, or the oncoming flow conditions
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somehow deteriorate, the pressure diminishes, in the
diffusor, and thus also the air throughput. The engine

requires less air in this state, and the final shock wave
indicated at d then moves in front of an edge 3a or an
inlet plane E of air intake pipe 3. The air intake then
works in the subcritical state, and the vertical thrust d’
must be kept stable on displacement body 2.
According to FIG. 1, a part L’ of the air L. flowing

over displacement body 2 flows in the subcritical state
through dovetailed cross-section air outlet ports 7

through many small holes 8 in a cover or perforated

plate 9, which closes two air outlet channels or passages .

10 and 10’ radially to the outside.

Due to the boundary layer flowing off in the critical
regions of the inlet diffusor and displacement body 2

respectively ahead of inlet plane E, the issuing shock

wave d’ 1s stabilized here and buzzing is thus prevented.

While specific embodiments of the invention have

been shown and described in detail to illustrate the
application of the principles of the invention, it will be
understood that the invention may be embodied other-

wise without departing from such principles.
We claim:
1. In combination with a reaction engine mounted on

a missile body for driving the missile of the type having
a supersonic intake with air intake pipe which is not

fully rotationally symmetrical and having particularly a
semi-rotationally symmetrical air intake cross-section, a
device comprising the mtake pipe having a front inlet

with an intake opening plane at the front of the intake
_pipe, a displacement body mounted on the missile body
partly within said air intake in a spaced relationship -
with the intake pipe and the missile body and extending
through said inlet plane, said dispacement body includ-

ing air passage means with at least one air outlet port
provided ahead of the intake pipe in respect to the di-
rection of flow for passing air from above said displace-

ment body to an air gap between said displacement

body and said misstle body
2. A device as claimed in claim 1, further compnsmg
a boundary layer plow extending from said missile body

to said displacement body in the air gap, said at least one
air outlet port comprising a plurality of air outlet slots
arranged in series in the direction of flow along said -
- displacement body, and said air passage means includ- -

ing air passages which extend in a circumferential direc-
tion of the displacement body and open toward said

boundary layer plow, whereby, the pressure in the gap -
adjacent said boundary layer plow is less than on the
surface of said displacement body and at least less than

the pressure behind the issuing vertical shock wave.

3. A device as claimed in claim 2, wherein said air -'

outlet slots have a dovetailed cross-section.

4. A device as claimed in claim 1, wherein said air
passage means comprises a plurality of passages defined
In said displacement body at spaced locations along its
length and which extend circumferentially around said
displacement body into the air gap between said dis-

placement body and said missile body.
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